Relational Frame Theory (RFT) views derived relational responding as an overarching operant class of behavior. One approach to the analysis of derived relations from the RFT perspective, therefore, would be to examine systematically the effects of differential consequences on derived responding. In Experiment 1, 15 undergraduate subjects were divided into three conditions (5 subjects in each condition). In each condition subjects were exposed to 11 sessions, and in each session they were trained and tested for the formation of combinatorially entailed relations. In Condition 1, no differential consequences were delivered after any session. In Condition 2, responseindependent, positive feedback was delivered after each of the first five sessions (i.e., the experimenter said to the subject "You are doing very well ") and response-independent, negative feedback was delivered after Sessions 6 to 10 (i.e., the experimenter said to the subject "You are doing badly"). Condition 3 was similar to Condition 2, except that the first five sessions were followed by negative feedback and the remaining sessions were followed by positive feedback. The results showed that (a) delivering positive feedback before negative feedback attenuated relational responding relative to the negative before positive feedback condition, and (b) delivering differential feedback produced more frequent relational responding relative to the nofeedback condition. Experiment 2 replicated Conditions 2 and 3 of Experiment 1, except that the positive and negative feedback was replaced by accurate and inaccurate feedback, respectively. During accurate feedback, subjects were told "You're doing well" if responding was above 50% correct and were told "You're doing badly" if responding was less than 50% correct. This was reversed for inaccurate feedback. Experiment 3 replicated This research was conducted as part of Olive Healy's doctoral research program under the supervision of Dermot Barnes. Portions of these data were presented at the Symposium on Stimulus Equivalence, at the Annual Conference of the Experimental Analysis of Behaviour Group, London, March, 1996. We thank Bill Dube and three anonymous reviewers for their helpful and constructive comments on an earlier version of the current work. Requests for reprints may be obtained from Dermot Barnes at the
Experiment 2 except that the feedback was delivered automatically via the computer. Experiment 4 involved a control whereby the test phase was unrelated to baseline training. The feedback delivered remained identical to that of the previous experiment. Experiment 5 replicated Experiment 3, but the feedback was precise in that, following the test phase, subjects received a point for every correct response made. The results showed that, in general, derived relational responding was highly sensitive to the response-contingent feedback and this responding was more frequent when precise feedback was used. Overall, the data are consistent with the suggestion that derived relational responding may be viewed as generalized operant behavior.
Stimulus equivalence has created considerable research activity within the behavior analytic community in recent years. One of the main reasons for this attention to equivalence is the fact that it can not be readily accounted for by the concept of conditional discrimination. In the typical equivalence experiment, for example, subjects are explicitly trained to select Stimulus B and Stimulus C in the presence of Stimulus A, and then during testing most subjects often select C in the presence of Band B in the presence of C without further reinforcement. A conditional discrimination, as normally defined, does not predict the emergence of this untrained performance. Neither B nor C has a history of differential reinforcement as a conditional discriminative stimulus with regard to the other, and thus neither stimulus would be expected to reliably control selection of the other.
One account of the equivalence phenomenon is offered by Relational Frame Theory (RFT). The important feature of RFT for the current research is the fact that a relational frame, as an analytic unit, is conceptualized as a three-term contingency. For RFT, the contextual cue is the third term, the relational response (e.g., responding to Stimulus B in terms of A and responding to A in terms of 8) is the second term, and a history of differential reinforcement correlated with the contextual cue is the first term in the contingency. From this perspective, therefore, responding to B given A and to A given B may be considered as a single response unit controlled by a relevant contextual cue (or cues) by virtue of its previous correlation with differential reinforcement. In effect, the RFT approach invokes a purely functional concept of an operant, and the term "overarching operant class" (e.g., Barnes, 1994 Barnes, , 1996 Hayes, 1992 ) is used to remind the reader of this fact.
For RFT, therefore, derived stimulus relations, including equivalence, can be explicitly interpreted as discriminated operant behavior. Relational frame theory argues that there are four particularly important properties of discriminated operant behavior: (a) operants develop, (b) operants are flexible and can be shaped, (c) operants can come under stimulus control, and (d) operants are controlled by their consequences. Obviously, if deriving stimulus relations is to be viewed as operant behavior, all four of these properties should apply. Supportive research has been provided on all four pOints (see Barnes & Hampson, 1993; Dymond & Barnes, 1995 , 1996 Lipkens, Hayes, & Hayes, 1992; , 1997 Steele & Hayes, 1991) . The least support, however, has been obtained for the final point. The current research was designed to examine this issue.
If relational responding is an operant, and if as RFT suggests it is at the core of verbal events, then it is an operant with a very long history. Behaviors with long histories may not readily show sensitivity to consequential control, but if relational responding is an operant it should be possible to develop procedures for demonstrating some form of sensitivity to differential consequences. The consequences for relational responding are probably arbitrary as in early language training. Over time, however, this relational responding becomes useful in dealing with the environment; "Verbal behavior helps make sense of the world-to make it predictable and modifiable" (Hayes, 1994, p. 18) .
Based on this line of reasoning, Leonhard and Hayes (reported in Hayes, 1994) examined the effect of prior inconsistent testing on equivalence responding. The procedure used was as follows. Subjects were given the conditional discriminations necessary to form three 4-member equivalence classes, and they were subsequently tested on all three classes. This cycle was repeated three times but each time with a whole new set of stimuli. During testing some subjects received the usual testing items, whereas others received the same items but were also given an equal number of inconsistent testing items that could not be responded to on the basis of equivalence (i.e., none of the comparisons were equivalent to the sample stimuli, see Figure 1 , upper panel). There were four groups. Group 1 was given a history of consistent testing during all three cycles, with Group 4 receiving a history of inconsistent testing. Group 2 was given consistent testing over the first two cycles with inconsistent testing during Cycle 3, and vice versa for Group 3 (see Figure 1 , center panel).
Subjects exposed to inconsistent testing in Cycle 3 showed lower equivalence responding on the items that could be answered on the basis of equivalence. Furthermore, equivalence was disrupted in Cycle 3, even if all the testing items could be answered on the basis of equivalence, if the subjects had a history with other trials of inconsistent testing (i.e., Group 3). In contrast, subjects who had a history of consistent testing showed equivalence responding during Cycle 3 even though inconsistent testing items were included in the cycle (i.e., Group 2). Figure 1 (lower panel) indicates the effect of testing history on the derivation of equivalence relations in Cycle 3.
These data indicate that equivalence responding, in a sense, is an example of the subject "making sense of the world" (in this case the world of the psychology experiment). Thus, when this consequence (i.e., making sense of the experiment) is disrupted by tasks that can not be 'solved' in terms of equivalence, the overall pattern of equivalence responding is affected. These data, therefore, provide the only evidence available, thus far, for consequential control over equivalence responding.
Although the Leonhard and Hayes study was designed to examine the extent to which consequences affect equivalence responding, the test was relatively indirect. In effect, use of inconsistent testing items were used to disrupt the extent to which the equivalence responding "made sense of the world." Making sense of the world, however, remains a relatively ill-defined concept, at least in behavior analysis. A more direct test of the effect of consequences on equivalence responding might be to manipulate experimenter feedback presented at the end of a particular test session. Furthermore, if the same set of stimuli were presented throughout the experiment, rather than using novel sets across sessions (as did Leonhard and Hayes), the relative effects of conditional discrimination training versus experimenter feedback could be examined. Imagine, for example, that a subject is exposed to matching-to-sample training and an equivalence test, and then some form of either positive or negative feedback about the performance is delivered at the end of the session (e.g., a subject is told either "You're doing badly" or "You're doing very well"). To date, no research has examined what effects this type of feedback would have on equivalence responding. The study was designed to address this issue.
The emergence of an equivalence class is traditionally defined by the demonstration of reflexivity, symmetry, transitivity, and the combined properties of symmetry and transitivity among the stimuli in the trained relations. The current study examined the emergence of transitivity and combined symmetry and transitivity. Relational frame theory considers such derived relational responding to be an example of combinatorial entailment, and in the current article we will use this terminology.
In Experiment 1, one group of subjects was given no feedback at the end of each session. Two further groups were given either positive or negative feedback irrespective of their performance on the derived relational responding test. The first of these involved positive preceding negative feedback and the second involved negative preceding positive feedback (the sequence of feedback was counterbalanced to check for any order effects). In Experiment 2, the feedback delivered was response-contingent, in that a subject's previous performance determined the type of feedback delivered. In Experiment 3, the feedback was delivered automatically by the computer. In Experiment 4, subjects received response-contingent feedback for a performance on a pseudo-test in which the stimuli were unrelated to baseline training. In Experiment 5, the verbal content of the feedback was removed and subjects received precise feedback (a point for every correct response emitted during testing).
General Method

Subjects
The subjects were 55 students, 29 female and 26 male, of University College Cork. Their ages ranged from 18 to 24 years. All subjects were recruited through personal contacts and were randomly assigned to the experimental conditions (i.e., 5 subjects in each condition, across the five experiments). Subjects were not familiar with stimulus equivalence or any related phenomena.
Figure 2. The eight matching-to-sample tasks used during training and testing across the 11 sessions of Experiments 1, 2, 3, and 5.
Apparatus
Each subject was seated in a small experimental room with an Apple Macintosh microcomputer, which displayed black characters on a white background. Stimulus presentation and the recording of responses were controlled by the computer which was programmed in BBC BASIC. The keys, Z and M, were marked with yellow paper dots to designate them as response keys. A pool of six nonsense syllables (CUG, ZID, VEC, VIM, DAX, PAF) were randomly assigned to their respective roles as sample and comparison stimuli for each subject in the study.
General Procedure
All subjects were exposed to 11 blocks of training and testing. After each block a particular type of feedback was given (see below for details). Each block of training and testing was as follows. All subjects were trained in four matching-to-sample tasks (see Figure 2 ) using the six nonsense syllables (these are designated using the alphanumerics A1, A2, B1, 82, C1, C2; subjects never saw these labels). Subjects were seated in the experimental room and the following instructions were presented on the computer screen.
During the first stage of the experiment you must look at the nonsense syllable at the top and then choose one of the two nonsense syllables at the bottom by pressing one of the marked keys on the keyboard. To choose the left nonsense syllable press the marked key on the left. To choose the right nonsense syllable press the marked key on the right. Press the space-bar twice to continue.
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On each matching-to -sample trial, the sample and the two comparison stimuli always differed in at least two letters. The sample appeared centered in the top half of the monitor screen, followed 1.5 seconds later by the comparison stimuli, which were positioned to the left and right of the sample, 2 in. from the bottom of the screen. On each matching-to-sample trial the position of the comparison stimuli was varied randomly (i.e., the correct nonsense syllable could appear on either the left or right with equal probability). Subjects were trained on the two A-B and two B-C matching-to-s ample tasks. The four tasks were presented in a quasi-random order, each task occurring twice across each block of eight trials until the subject produced eight consecutively correct responses. As indicated in Figure 2 , when A 1 was the sample, B1 was correct; when B1 was the sample, C1 was correct; when A2 was the sample, B2 was correct; when B2 was the sample, C2 was correct.
The correct completion of a matching-to-s ample trial removed the stimulus display and produced "correct" in the center of the screen accompanied by a high-pitched beep for 1.5 seconds. The incorrect completion of a matching-to-s ample trial removed the stimulus display and produced "wrong" in the center of the screen but without auditory feedback. When eight consecutively correct responses were emitted, the computer program progressed without interruption to a matching-tosample equivalence test.
The test consisted of four matching-to-s ample tasks involving the A and C stimuli (see Figure 2 ). These tasks were presented in a quasirandom order, with each of the four tasks occurring five times across twenty trials. No feedback was given during testing.
At the end of the first exposure to the equivalence test the following instructions appeared on the monitor screen:
That is the end of this part of the experiment. Please report to the experimenter.
Experiment 1: Procedure
Condition 1
In Condition 1 subjects were given no feedback between exposures (see Figure 3) . At the end of each exposure the subject was asked to wait outside the experimental room. The experimenter then reset the computer. Fo"owing this the subject was asked to return to the room and as he/she was reseated, he/she was simply told "wait 30 seconds and please go again."
Condition 2
In Condition 2 subjects were given explicit feedback between exposures (see Figure 3) . At the end of each of the first five exposures positive feedback was given irrespective of a subject's performance on the testing phase. Like Condition 1, when a session ended, the subject was asked to wait outside the experimental room while the experimenter reset the computer. The subject was then asked to return to the room and as he/she was reseated, he/she was told "you're doing very well, please go again." After the sixth exposure, and all subsequent exposures, negative feedback was given (also irrespective of the subject's performance): "you're doing badly, please go again."
Condition 3
Condition 3 was identical to Condition 2 except that, in the first five breaks in this condition, negative feedback was given, and in the subsequent five breaks positive feedback between exposures was delivered.
Experiment 1: Results and Discussion
A graphic representation of overall correct responding is shown in Figures 4 and 5. Only 2 subjects (Subjects 4 and 5) in Condition 1 (no feedback, see Figure 4 ) produced clear patterns of combinatoria l entailment, whereas the other 3 showed either a shift from intermediate to low levels of entailment (Subjects 1 and 3) or consistent, intermediate responding.
In Condition 2, positive-to-ne gative, all 5 subjects showed variable patterns of responding across both feedback conditions. All 5 subjects in Condition 3 (negative-to-p ositive) showed variable response patterns during the negative feedback condition, but 4 (11-14) of these showed high levels of combinatorial entailment during positive feedback, and 1 (15) produced low level responding. Generally, the subjects' performance s became more stable after the shift from negative to positive feedback.
These data raise an interesting question: Why did negative followed by positive feedback always produce consistent results, but positive followed by negative feedback fail to do so? One possibility might be that when a subject is exposed to derived relational training and testing, the initial test exposures may produce performances that do not meet the criterion for combinatorial entailment (e.g., with the exception of Subject 3, all first exposures to the test failed to produce a derived performance) . Because subjects in Condition 2 were provided with positive feedback at this stage, the subject's non relational performance was reinforced. Subjects in Condition 3, in contrast, received negative feedback first when they were likely to show an intermediate performance, and thus, the experimente r-based negative feedback effectively punished a subject's early non relational responding. Furthermore, the repeated presentation of the negative feedback during Sessions 1 to 5 may have caused the variability observed in the subjects' responding, as they attempted to identify a "good" performanc e. Evidence for this interpretation is provided by the fact that the shift to positive feedback apparently consolidated those performance s that had emerged in Session 6 as a result of the negative feedback. In this experiment, it so happened that 4 of the 5 subjects (11 to 14) produced performances that approached or met the criterion for combinatorial entailment in Session 6, and thus this performance was reinforced by the subsequent positive feedback. In contrast, Subject 15 produced derived relational responding in Session 5, and thus this performance was punished by the negative feedback. The subsequent shift towards non relational responding during Session 6 was then reinforced by the positive feedback, and this performance was maintained across the remaining sessions. These data suggest that the relationship between a subject's performance and the experimenter-feedback represents an important controlling variable. In the current experiment, however, this relationship was not explicitly controlled, in that positive and negative feedback was given without regard to the pattern of responding produced during the test. One way to examine this issue may involve the use of performancecontingent feedback in which a subject's performance determines whether positive or negative feedback is delivered. This was the strategy adopted in Experiment 2.
Experiment 2: Procedure
The procedures for the two conditions in this experiment were similar to Conditions 2 and 3 in Experiment 1 except that the experimenter-based feedback was contingent upon a subject's previous performance.
Condition 4
At the end of each of the first five exposures in this condition, subjects were given what will be defined as accurate feedback (see Figure 3 ). That is, during testing if a subject produced 50% (i.e., 10) or more responses in accordance with combinatorial entailment (also referred to as correct responding) they were told "you're doing very well, please go again." If, however, a subject produced less than 50% (Le., 9 or fewer) responses in accordance with entailment they were told "you're doing badly, please go again." After the sixth exposure and all remaining exposures inaccurate feedback was delivered. That is, if a subject produced 50% or more correct responding during testing they were told "You're doing badly, please go again." If, however, a subject emitted less than 50% correct responding during testing they were told "you're doing very well, please go again."
Condition 5
Condition 5 was identical to Condition 4 except that, in the first five breaks between exposures in this condition, inaccurate feedback was given and, in the subsequent five breaks, accurate feedback was delivered (see Figure 3 ).
Experiment 2: Results and Discussion
A graphic representation of the overall correct responding on each successive exposure is shown in Figure 6 . Four subjects in Condition 4 (accurate-to-inaccurate; Subjects 17-20) showed an increasing trend towards combinatorial entailment in accordance with the accurate feedback, and then shifted, sometimes abruptly, to low levels of Figure 6 . Graphic representation of overall correct responding across successive test exposures for subjects in the contingent experimenter feedback conditions. entailment during the inaccurate feedback. One subject showed intermediate responding across all 11 sessions. Three subjects (22, 24, and 25) in Condition 5 showed a shift from high levels of combinatorial entailment to low levels during inaccurate feedback, and then shifted back to combinatorial entailment with the introduction of accurate feedback. One subject (21) showed consistently low levels of entailment across all sessions, and another (23) showed consistent high levels.
These data suggest that the contingent feedback facilitated the emergence of combinatorial entailment more readily than the noncontingent feedback used in Experiment 1. For example, delivering accurate feedback first (Condition 4, Experiment 2) produced derived relational responding in 4 of 5 subjects, whereas noncontingent positive feedback (Condition 2, Experiment 1) produced no such responding.
These data indicate that between-session feedback can affect relational responding. One criticism that could be made, however, is that the between-session feedback was delivered via direct verbal interaction with the experimenter. Perhaps, therefore, the current data were at least partly a function of subtle cues provided by the experimenter in the form of facial expressions and so forth, rather than the particular feedback delivered. If the feedback was provided automatically by the computer rather than having the experimenter deliver it, would similar patterns of responding emerge? Experiment 3 was designed to examine this issue.
Experiment 3: Procedure Experiment 3 consisted of Conditions 6 and 7. In both of these conditions, the between-session feedback delivered throughout Experiments 1 and 2 was presented automatically on the computer screen. The words used for the feedback were identical to those used in the previous experiments, but they were programmed to appear on the screen, and thus there was no subject-experimenter interaction across the entire 11 exposures.
Condition 6
In Condition 6 accurate feedback was delivered after the first five sessions. Thus, if a subject produced 50% or more correct responses (combinatorial entailment across 10 to 20 testing trials) the feedback "you did very well!" flashed five times on the center of the screen in large bold print, with a 1-s delay between each flash. This was accompanied by a high-pitched beep each time the feedback appeared. If, however, a subject produced less than 50% correct responding during testing (combinatorial entailment on 9 or fewer testing trials) the feedback "You did badly" (also in large bold print) flashed five times in the center of the screen, in the absence of an auditory beep, with a 1-s delay between each flash. When a subject completed the combinatorial entailment test, the screen cleared and the following intersession instructions appeared: Press the space-bar five times to continue.
This was then followed by:
You may now take a brief rest.
Please press the space-bar five times when you are ready to continue with the experiment.
This marked the end of a session, and when the subject was ready to continue, the computer program progressed without interruption to the original instructions that preceded the conditional discrimination training. At this point the subject was reexposed to the training and testing phases.
This procedure continued until the sixth exposure when the feedback was reversed. After Session 6 and all remaining sessions inaccurate feedback was delivered. That is, if a subject produced 50% or more correct responding, the feedback "you did badly" flashed in the center of the screen in the same manner as the previous five sessions. If, however, a subject produced less than 50% correct responding during testing, the feedback "you did very well!" flashed in the center of the screen along with a high-pitched beep per flash (as in the previous five exposures). The intersession instructions remained the same across all 11 exposures and each session progressed into the next without interruption from the experimenter.
At the end of the 11 th exposure the subject was presented with the following instructions.
That is the end of the experiment. Please report to the experimenter.
Condition 7
Condition 7 was identical to Condition 6 except that the first five sessions in this condition involved automated inaccurate feedback and the remaining sessions (6 to 11) involved automated accurate feedback.
Experiment 3: Results and Discussion
Results for Experiment 3 are shown in Figure 7 . In Condition 6 (accurate-to-inaccurate), 2 subjects (26 and 27) showed consistently high levels of combinatorial entailment during accurate feedback, and 1 subject (28) showed a shift towards entailment during Sessions 5 and 6. Subjects 26 and 27 shifted abruptly to low levels of entailment during inaccurate feedback, and Subject 28 produced a variable pattern. The 2 remaining subjects (29 and 30) produced intermediate responding across both feedback conditions. In Condition 7 (inaccurate-to-accurate), 2 subjects (Subjects 31 and 32) produced low levels of entailment (i.e., responded in accordance These results indicate that the two sources of feedback (experimenter and computer) did not produce any outstanding differences in responding, and thus the experimenter's verbal feedback, and not some uncontrolled social cues, affected the subjects' responding during Experiment 2.
Experiment 4: The Effect of Feedback on Pseudo-Tests for Equivalence
At this point in the research program we turned our attention to the issue of generalized conditional responding and how it might complicate the interpretation of the current data. More specifically, for some subjects perhaps the emergence of combinatorial entailment and a subsequent shift from this performance did not emerge from the training, but were simply examples of generalized conditional responding that were controlled by unspecified properties of the nonsense syllables and perhaps the wider experimental context (see . This effect has been well documented in a number of empirical studies in which human subjects, familiar with arbitrary matching-to-sample procedures, were given new trial types without feedback. Subjects consistently selected one comparison when given one of the samples and selected the other comparison when given the other sample (e.g., Williams, Saunders, Saunders, & Spradlin, 1995) . If this effect occurred in the current study, both high and low levels of combinatorial entailment would be examples of arbitrary selection rather than a derived performance ariSing from the baseline conditional discriminations. Insofar as this was the case, the between-session feedback did not operate on derived relational responding, but on basic examples of generalized conditional control. Although this possibility complicates the interpretation of these data, it may be possible to determine, retrospectively, which of these effects (derived responding or generalized conditional control) more likely occurred in Experiments 2 and 3. To achieve this aim, additional subjects could be trained in A-B and B-C relations, and tested using novel stimuli (D and E) for which no relation is readily derived from the training. If the D-E performances are affected by the between-session feedback to the same degree as the A-C relations in the previous experiments, this would suggest that the equivalence responding observed in the previous experiments was largely independent of the trained relations. If differences do emerge, however, then this would suggest that the test performances were controlled, at least in part, by the derivation of the trained stimulus relations. Experiment 4 was designed to examine this issue.
Experiment 4: Procedure
Conditions 8 and 9 in Experiment 4 were similar to Conditions 6 and 7, respectively, in Experiment 3. The only difference was that the testing phases in Experiment 4 did not examine emergent relations but consisted of pseudo-outcome tests with stimuli that were unrelated to the baseline training. Thus, once the subject reached the mastery criterion on a block of A-8 and 8-C training trials (eight consecutively correct responses), the screen cleared for 2 seconds and the pseudotest began. The test consisted of four matching-to-sample tasks involving novel D and E stimuli (e.g., D1 =LEQ, E1 =HUK, D2=ZOJ , E2= TEV). When D1 was the sample E1 was the correct comparison, and vice versa. When D2 was the sample E2 was the correct comparison, and vice versa.
Experiment 4: Results and Discussion
The results for Experiment 4 are presented in Figure 8 . Although it is not possible to define test performances as correct or incorrect based on the trained relations, in the interests of communication we will continue to define D1-E1 and D2-E2 responding as high levels of combinatorial entailment, and D1-E2 and D2-E1 performances as low levels of entailment. In Condition 8 (accurate-to-inaccurate) 1 subject (36) showed a rapid trend towards combinatorial entailment during accurate feedback and maintained this performance during inaccurate feedback. Subject 38 produced a variable performance during accurate feedback, but settled on low levels of combinatorial entailment during inaccurate feedback. Subject 37 showed intermediate levels of responding during accurate and low levels of entailment during inaccurate feedback. Two subjects (39 and 40) showed intermediate responding across all 11 sessions.
During the inaccurate-to-accurate feedback condition only Subject 42 responded in accordance with inaccurate feedback and continued to produce low levels of combinatorial entailment during accurate feedback. Subject 41 produced consistent high levels of entailment during both feedback conditions. Subjects 43, 44, and 45 showed either intermediate or variable patterns.
The data from Experiment 4 indicate that the feedback did not have the same effect on subjects' pseudo-test performances as on those observed in Experiments 2 and 3. For example, the appropriate shifts in responding in accordance with the feedback from high to low or low to high levels of entailment seen in Experiment 3 (see Subjects 26, 27, 31, and 32) were not seen for any of the subjects in Experiment 4. This difference in feedback sensitivity indicates that the test performances in Experiments 2 and 3 were not simply examples of generalized conditional control. If they were, then similar patterns of sensitivity should have emerged for the pseudo-tests in Experiment 4. Of course, Successive Test Exposures Figure 9 . Graphic representation of overall correct responding across successive test exposures for subjects in the preCise feedback condition.
this finding can not inform us as to whether a particular subject in Experiment 2 or 3 was definitely responding in accordance with combinatorial entailment when or he or she illustrated high or low levels of responding, but across subjects the emergence of "genuine" entailment seems the more likely interpretation in light of Experiment 4.
Experiment 5: The Effect of Precise Feedback
Another issue that arises from the experiments reported thus far relates to the nature of the between-session feedback. In particular, the current feedback could be criticized for being vague, and it might even selectively reinforce intermediate responding. Take, for example, the performance shown by Subject 35 (Experiment 3) during accurate feedback. On the seventh exposure this subject correctly completed 10 test trials and the accurate feedback that followed apparently reinforced this performance. Subsequently, the subject consistently selected the same 1 ° comparisons across the remaining sessions. In effect, the dichotomous nature of the feedback ("doing well" versus "doing badly") allowed a subject to receive exactly the same feedback for 10 out of 20, as for 20 out of 20, correct responses. Perhaps the "imprecision" of this feedback may account for the fact that 9 subjects across Experiments 2 and 3 failed to produce a performance that we (the experimenters) considered to be in accordance with the feedback during the accurate and/or inaccurate feedback conditions. To test this suggestion, in Experiment 5 a "precise" feedback procedure was used , in which subjects were presented, at the end of each session , with a computergenerated visual sequence that presented a star shape for every correct response made during the combinatorial entailment test. If our reasoning is correct, then the precise feedback should increase the likelihood of response patterns that are consistent with the feedback.
Experiment 5: Procedure
Experiment 5 was identical to Experiment 3 , except that the feedback for this experiment provided differential consequences contingent upon the exact number of correct responses emitted during the test for combinatorial entailment. This was done in the following manner. Once a test phase was completed, the words "Minimum Points Earned" and "Maximum Points Earned" appeared at the very bottom and top of the screen , respectively . The feedback was delivered automatically via the computer in the form of a star shape for every correct response emitted during the test. Each star appeared on the screen accompanied by a high-pitched beep. The first star appeared directly above the words "Minimum Points Earned" and each subsequent star appeared above the other in a vertical line. A broken line appeared midway on the screen as a half-way mark. Thus, for example , if a subject emitted 5 correct responses during the derived relational test, five stars were presented, one after the other, in a column. Once the stars earned during a test session had been presented, they remained on the screen for 10 seconds before the screen cleared (and the computer invited the subject to take a brief rest before the next exposure). If a subject emitted zero correct responses during a test, the star-feedback was omitted, and the simple message, "Sorry, No Points!" was displayed for 10 seconds.
Experiment 5: Results and Discussion
The results of Experiment 5 are presented in Figure 9 . In Condition 10 (accurate-to-inaccurate) 4 subjects (46, 47, 48, and 50) produced high levels of combinatorial entailment during accurate feedback, and these 4 subjects also shifted either abruptly or gradually towards lower levels of entailment with the introduction of inaccurate feedback. Subject 49 produced intermediate responding during accurate feedback, but showed a trend towards low levels of entailment during inaccurate feedback.
During the inaccurate-to-accurate feedback condition, 2 subjects (51 and 52) produced low levels of combinatorial entailment in accordance with inaccurate feedback and switched abruptly to high levels of entailment with the introduction of accurate feedback. Subject 53 shifted from high to low levels of entailment during inaccurate feedback and then reverted back to high levels of entailment during accurate feedback. Subject 54 produced variable responding during inaccurate feedback but settled on high levels during accurate feedback. Subject 55 showed a variable pattern across both types of feedback.
Compared to the results obtained in Experiments 2 and 3, these data suggest that the precise feedback was more effective in producing derived relational responding than the dichotomous feedback used in earlier experiments. For example, the appropriate shifts in responding in accordance with the feedback from high to low or low to high levels of entailment seen for 4 subjects in Experiment 3 (26, 27, 31, & 32) was seen for 8 subjects in Experiment 5.
General Discussion
The current study clearly indicates that it is possible to manipulate patterns of combinatorial entailment in adult human subjects with the use of feedback between training and test exposures. Derived relational responding is, therefore, clearly sensitive to between-session feedback. Furthermore, it was shown that the effectiveness of this feedback in manipulating entailment levels was dependent upon four factors. The first of these was the order in which the two types of noncontingent feedback were presented during Experiment 1. Specifically, 5 of 5 subjects produced relatively consistent levels of entailment when noncontingent positive feedback followed noncontingent negative feedback (Condition 3, Experiment 1), but when these conditions were reversed (Condition 2, Experiment 1) variable or intermediate patterns of responding were shown across all 5 subjects.
The second factor was the relationship of the feedback to the subjects' performance . When subjects were simply given positive noncontingen t feedback first (Condition 2, Experiment 1) only 1 subject (Subject 7) emitted both high and low levels of combinatorial entailment, but when subjects were given accurate performance -contingent feedback first (Condition 4, Experiment 2) 4 out of 5 produced this performance. Similarly, in Experiment 3, 3 out of 5 subjects produced high and low levels of entailment when accurate performance-contingent feedback preceded inaccurate contingent feedback. In effect, simply telling a subject that he or she is doing well and doing badly is not sufficient to produce high and low levels of combinatoria l entailment, respectively. For the feedback to facilitate the rapid emergence of relational responding, it must be contingent on the subject's actual performance.
The third factor involved the relation between the baseline training and the test. Specifically, when a pseudo-test was used (Experiment 4) , 9 out of 10 subjects failed to show feedback sensitivity in both accurate and inaccurate conditions. Finally, the fourth factor was the nature of the feedback. Precise feedback, that targeted the specific number of correct responses each subject emitted during the test, proved to be more effective in producing combinatorial entailment.
These data support the idea that derived relational responding may be viewed as an instance of operant behavior, and also support the Leonhard and Hayes study that showed derived relational responding can be weakened simply by arranging for such responding not to "pay off" for the subject. A number of other issues also arose from the current study that are relevant to the analysis of derived relational responding in general and these are discussed below.
Reexposure Affected Entailment Response Patterns
Interestingly, Subject 3 (Condition 1: no feedback) produced high levels of combinatorial entailment during his first exposure to the test. Normally, a subject's exposure to the training and testing would be terminated once such responding emerged. However, during the second exposure, this subject produced intermediate responding that approached low levels of entailment and during his third exposure he reverted to high levels of responding. Following this (Exposures 5 to 11) the subject produced consistent low levels. Subject 5 also slipped to intermediate responding during Exposures 7 and 11 having previously produced high levels of entailment. Initially, this outcome was not predicted. That is, it was assumed that a subject who had produced either high or low levels of combinatorial entailment would maintain that performance when reexposed. It seems, therefore , that extensive exposure may inadvertently provide feedback about the task (see Barnes & Keenan, 1993, p. 63) . For example, the subject may think "Because I'm getting the same tasks, I must be getting it wrong, so maybe I'll try something else." These data therefore provide further indirect evidence for the idea that relational responding is sensitive to consequentia l control (i.e., sensitive to repeated exposures) and is therefore best characterized as an operant.
Responding "Flipped" from Totally Correct to Totally Incorrect in Accordance with the Feedback Delivered
The current data lend some support to the notion that combinatorial entailment may be viewed, in some contexts, as a single behavioral unit (e.g., , in that some subjects' test performances "flipped" from totally correct to totally incorrect responding in accordance with the feedback across successive test exposures (see, for example, subjects in Conditions 3, 4, 5, 6, 7, 10, and 11). Thus, when subjects were told they were doing badly, they responded by switching their complete pattern of responding, not just one part of the entailed relation. In effect, if C1-A1 responding switched, so too did the C2-A2 responding, thereby suggesting that the test performance across the four tasks functioned as a single behavioral unit rather than four separate units (see Pilgrim & Galizio, 1993) . Future studies might further explore this issue by selectively reinforcing particular components of the test performance. Would it be possible, for example, to increase AI-C1 responding while attenuating A2-C2 responding using relative feedback for these performances ? (Le., reinforce A 1-C1 and A2-C1 responding thus "fracturing" the entailed unit).
Two Sources of Stimulus Control
One way in which we might interpret the current data is in terms of competing stimulus control (i.e., prior training versus experimente r feedback). Imagine, for example, a subject is taught given A1 pick B1 and given B1 pick C1, and from this, the derived performance given C1 pick A 1 emerges. Subsequent ly, however, negative feedback is delivered, punishing the relational responding. In many cases, the experimenter feedback was a stronger source of stimulus control than prior training (e.g., Subject 12, Exposures 4 and 5; Subject 14, Exposures 4 and 5) but not in all cases. This was demonstrated when subjects produced relational responding even after receiving negative feedback (e.g., Subject 14, Exposures 3 and 4). Subject 17 also "ignored" the feedback during Exposures 7 and 8, as did Subject 19 during Exposure 7, and Subject 27 during Exposures 7 and 8. However, these subjects did show sensitivity to the feedback during final exposures. Interestingly , Subject 23 responded consistently in accordance with the training, and volunteered the following comment at the end of the experiment, "I thought you (the experimente r) were examining my level of confidence so I ignored what you said whenever I thought I was dOing okay." Subject 55 showed some interesting switching in response patterns; during inaccurate feedback she showed a shift from low levels of entailment to high levels, and during accurate feedback switched from high to low and back to high . How might we interpret these data? One possible explanation might be that some subjects thought that because they were participating in a psychology experiment, the feedback was designed to "trick them" in some way, and thus they "experimente d" with the feedback by producing a consistently "incorrect" performance for one or more exposures. If this interpretation is correct, then it should be possible to reduce subject "experimenta tion" by arranging for highly valued reinforcers to be contingent on responding in accordance with the feedback. A future study might explore this possibility.
Derived Relational Responding as a Generalized Operant
The foregoing discussion also highlights another interesting avenue for future research. Specifically, one could replicate the current study, but introduce a novel stimulus set in each successive session (see Hayes's, 1994 , description of the Leonhard and Hayes study). Adopting this strategy would allow the experimenter to examine the effects of the feedback on relational responding across stimulus sets. Any consistent changes in responding that occurred across sessions (and sets) could not, therefore, be explained in terms of the direct effects of the feedback on a specific performance, but would require an analysis in terms of the effects of the feedback on the "generalized operant" of relational responding itself. In other words, if each session involved a new stimulus set, and accurate performance -contingent feedback facilitated the emergence of combinatorial entailment across sets, this would imply that relational responding , as a response unit, was being shaped by the differential feedback. In any event, it would certainly be interesting to compare the effects of using multiple stimulus sets with the results of the current study in which only one stimulus set was used.
Conclusion
The current study shows that patterns of derived relational responding are sensitive to feedback. The type and order of this feedback play an important role in determining whether high or low levels of combinatorial entailment will be maintained or not. These data, therefore, support the relational frame interpretation of relational responding as a form of operant behavior. Ongoing research in our laboratories is further exploring the "operant interpretation" of relational responding.
